ABSTRACT The objective of this study was to determine the effects of dietary n-6:n-3 polyunsaturated fatty acid (PUFA) ratios on heterophil:lymphocyte (H:L) ratios and T cell subsets in the peripheral blood of the growing Yangzhou goose. A total of 160 healthy Yangzhou geese (0.407 ± 0.023 kg), aged 21 d, were randomly divided into 4 groups consisting of diets with different n-6:n-3 PUFA ratios: 12:1, 9:1, 6:1, and 3:1. White blood cell counts and H:L ratios were measured at 42, 56, and 70 d of age; T lymphocyte subsets were also analyzed using monoclonal antibodies and flow cytometry simultaneously. The results showed that differences were found in white blood cells between groups (P < 0.05) but not within groups (P > 0.05), and white blood cells of 70-d-old geese were significantly higher than those of other ages within the same group. The H:L ratios of all groups decreased as age increased, and differences were found in 6:1 and 3:1 groups between ages (P < 0.05). As for the comparison of H:L ratio between treatments, 6:1 and 3:1 were lower than the other 2 groups at 42 or 70 d of age (P < 0.05), and 3:1 was lower than the other 3 groups at 56 d of age (P < 0.05). Moreover, H:L ratios had a tendency to decrease with the decrease of n-6:n-3 PUFA ratios. Furthermore, cluster of differentiation (CD) 3 + and CD8 + increased gradually, whereas CD4 + and CD4 + :CD8 + ratios first increased and then decreased as age increased. Differences were detected in T cell subsets among ages (P < 0.05). In addition, CD4 + and CD4 + :CD8 + ratios were affected remarkably by n-6:n-3 PUFA ratios but CD3 + and CD8 + were not, and 6:1 had much higher CD4 + percentage and CD4 + :CD8 + ratio compared with the other groups (P < 0.05). Taken together, diets containing low n-6:n-3 PUFA ratios could decrease H:L ratios in the peripheral blood. Additionally, CD4 + percentage and CD4 + :CD8 + ratio were much higher in the 6:1 group, which could be relevant for improving positive immune responses for Yangzhou goslings from 42 to 70 d of age.
INTRODUCTION
Lymphocytes play an important role in immune response, and heterophils participate in host immune action by engulfing bacteria or other particles. Because these 2 types of cells are relevant to immune action through different methods, heterophil:lymphocyte (H:L) ratios could be used as an indicator of immunological status. When needed in the immune response, T lymphocytes acquire specific surface molecules (markers) that identify their potential role. Cluster of differentiation (CD) is a key factor driving our understanding of immunology phenomena. T lymphocytes consist of 2 main subsets: CD4 + helper T cells and CD8 + cytotoxic T cells. Additionally, CD3 + acts as the total mature T lymphocyte. Any changes induced by factors such as diet or stress in the quantity of T lymphocytes or the balance between CD4 + and CD8 + subsets are important because the outcome is expected to disorder the body immunity system (Cihak et al., 1991; Arstila et al., 1994; Chen et al., 1996) . The immune competence of a host can be evaluated from several parameters, including H:L ratio and T lymphocyte population (Bacon, 1992; Dietert et al., 1994) . Therefore, these indices are of physiological and clinical importance.
Previous studies have shown that polyunsaturated fatty acids (PUFA) have diverse roles in all cells. They are important as a source of energy, as structural components of cell membranes (including immune cell), as signaling molecules, and as precursors for the synthesis of eicosanoids (Calder, 2003 (Calder, , 2005 (Calder, , 2006 . Thus, they have considerable effects on the membrane structure (Shaikh and Edidin, 2006) and function of immune cells (Calder, 2001; Yaqoob, 2003) . Animals cannot covert n-6 PUFA to n-3 PUFA or vice versa, and these 2 classes are competitive with each other in metabolisms. Therefore, understanding n-6:n-3 PUFA-related immunocompetence is of importance (kinsella et al., 1990; Grimm et al., 1994) . The Yangzhou goose is a major breed in China and was approved as the first national goose breed by the National Examination and Approval Committee of Domestic Animal and Poultry Breeds in 2006. The studies on Yangzhou geese mostly examine growth performances, carcass characteristics, and meat quality. However, no information was yet available concerning the putative effects of the n-6:n-3 PUFA ratios on H:L ratio and T cell subsets in this breed. For this reason, we designed diets that included linoleic acid and linolenic acid to yield n-6:n-3 PUFA ratios of approximately 12:1, 9:1, 6:1, and 3:1. The main goals of current experiment were to evaluate the effect of the dietary n-6:n-3 PUFA ratios on H:L ratio and T lymphocytes and to provide a reference for Yangzhou goose feeding strategies.
MATERIALS AND METHODS

Experimental Birds and Feeding
The experiment was conducted from November 2009 to March 2010 at the experimental farm of Yangzhou University (Yangzhou, Jiangsu Province, PR China).
All animal handing protocols were approved by the Yangzhou University Animal Care and Use Committee. A total of 160 healthy Yangzhou geese (80 male, 80 female) of similar weight (0.407 ± 0. 023 kg), aged 3 wk, were randomly divided into 4 groups of 40 birds each. Each group contained 4 replications, with replications of 10 birds in a block (5 male, 5 female). Birds of each group were randomly allocated to one of 4 diets, each consisting of different n-6:n-3 PUFA ratios: 12:1, 9:1, 6:1, and 3:1 (Table 1) . The maize and soybean-based experimental diets was designed by referring to NRC (1994) and other studies on the Yangzhou goose (Shi et al., 2007; Wang et al., 2008; Zhou et al., 2008) . The fatty acids were analyzed by chromatograph, and the N content of feed was determined by kjeldahl process (method number 948.13; AOAC, 1990) . Additionally, no vaccination was carried out throughout the experimental period, and 3 birds died (mortality rate: 1.86%).
Blood Sampling and Blood Smear Preparation
Eight birds of each group were selected randomly and blood was collected by venipuncture into EDTA-coated tubes at 42, 56, and 70 d of age. The blood samples were prepared for total leukocyte counts and T cell subpopulation analysis; blood smears were made simultaneously. Briefly, the pusher slide was held at a 30° angle and drawn back along the specimen slide until the bottom edge contacted the drop of blood, and the drop spread out along the edge of the pusher slide. Then, the pusher slide was smoothly moved forward in one quick movement, which spread an even, bullet-shaped film of 
Counts and Differentiation of Leukocytes
A total leukocyte count was tested using a cell counting chamber, and the differentiation of leukocytes in the blood smear was detected by microscopic analysis in accordance with Ye et al. (2006) . May Grunwald/Giemsa staining solution was purchased from Jiancheng Co. (Nanjing, China). To stain slides, a layer of stain was placed to cover the slides (except for frosted ends). After 20 to 30 s, PBS buffer was added. After 20 to 30 s, a thin stream of tap water was run over the slide to remove all the remaining stain, and the slide was placed on end to dry in the air. Immersion oil could be placed directly on the smear for observation, and the white blood cell (WBC) differentiation count in the blood smear was detected under 1,000× with microscopy. Two hundred cells per slide were counted for differential cell analysis.
Flow Cytometric Analysis
The CD3 + , CD4 + , and CD8 + T cell subsets were detected by 2-color flow cytometry. The fluorescence monoclonal antibodies used in the present study were purchased from SouthernBiotech (Birmingham, AL) and included mouse anti-chicken CD3 fluorescein isothiocyanate, mouse anti-chicken CD4-phycoerythrin, and mouse anti-chicken CD8-Cy5 (cyanine 5). Ten thousands cells per sample were analyzed using a FACSAria cytometer (Becton Dickinson, Franklin Lakes, NJ).
Statistical Analysis
Experimental data were manipulated by Microsoft Excel 2003 (Microsoft Corp., Redmond, WA), and the results were described as mean ± SE. Statistical analysis was carried out by ANOVA test with posthoc multiple comparison Tukey test using SPSS software (SPSS Inc., Chicago, IL). P-values of <0.05 were considered statistically significant.
RESULTS
WBC, H:L Ratio, and CD3 + Percentage
The results of WBC, H:L ratio, and CD3 + are presented in Table 2. As Table 2 shows, WBC decreased as age increased, and decreased rapidly after 56 d of age. The levels of 70-d-old birds were lower than those of other ages within the same group (P < 0.05). The comparison of 4 treatments indicates that no differences were found in WBC during the whole experimental period (P > 0.05).
The H:L ratios of the 4 groups tended to decrease in accordance with age during the trial. However, H:L ratios of the 3:1 and 6:1 groups decreased rapidly and the dynamics did not coincide with the 12:1 and 9:1 groups. The levels of 70-d-old birds were lower than those of the other ages in the 6:1 group (P < 0.05), whereas levels of 56-and 70-d-old birds were lower than those of 42-d-old birds in the 3:1 group (P < 0.05). Differences in H:L ratios were found between groups at all detected ages (P < 0.05). The data, from high to low, of H:L ratio were 12:1 > 9:1 > 6:1 > 3:1, which showed a decrease with n-6:n-3 PUFA ratios decreasing at 56 or 70 d of age. The percentage of CD3 + T cells increased with the increase of age during the experimental period; percentages of 70-d-old birds were higher than those of 42-d-old birds in the 6:1 and 9:1 groups (P < 0.05). Comparatively, CD3 + T cell percentage was greater in the 6:1 group than in other groups, and a difference was found between the 6:1 and 12:1 groups at 70 d of age (F = 4.0205, P = 0.0169), but no differences were caused by n-6:n-3 PUFA ratios at 42 or 56 d of age (P > 0.05).
CD4 + , CD8 + , and CD4 + :CD8 + Ratio
The results of CD4 + , CD8 + , and CD4 + :CD8 + ratio are shown in Table 3 . In subsequent T cell studies, a phenomenon was observed that CD4 + T cells increased from 42 to 56 d of age and decreased from 56 to 70 d of age. As Table 3 shows, CD4 + T cells in the 6:1 group were much higher, and in the 12:1 group were comparatively lower, among groups. Moreover, the 6:1 group was higher than the 12:1 group (P < 0.05) at all detected ages.
A different phenomenon was observed for CD8 + T cells: CD8 + increased steadily throughout the experiment, and CD8 + T cells in 70-d-old birds were higher than those in 42-d-old birds in all groups (P < 0.05). As for treatments, Table 3 indicates that the 12:1 group was higher than the 9:1 group at 56 d of age (P < 0.05), and no differences were detected between groups at 42 or 70 d of age (P > 0.05).
As age increased from 42 to 70 d, the CD4 + :CD8 + ratios decreased first and increased after, and were considerably high at 42 d of age in all groups. The differences in the CD4 + :CD8 + ratios between the 4 groups were significant (P < 0.05). Ratios in the 6:1 group were dramatically high, and higher than the other 3 groups at 42 d of age (P < 0.05), and higher than the 12:1 and 3:1 groups at both 56 and 70 d of age (P < 0.05).
DISCUSSION
Effects of n-6:n-3 PUFA on H:L Ratio
Lymphocytes including T lymphocyte and B lymphocyte, derived from lymphoid organs, are the main immunocytes in body. The T lymphocytes act against virus-infected cells and tumor cells, and the B lymphocytes produce antibodies and provide secondary immunity. Thus, lymphocytes play an important role in the immune response of the body. Heterophils, a granular leukocyte that avidly ingests and kills foreign cells, toxins, and viruses, are involved in the inflammatory response and increase dramatically in number in response to infection and inflammation. Thus, H:L ratio could be an indicator of immunological condition, especially for inflammation and stress in birds (Gross and Siegel, 1983) . The n-3 PUFA are considered to be authentic immunosuppressors and appear to exert beneficial effects with respect to certain immune-mediated diseases (Calder, 2006) ; n-6 PUFA are considered to be competitive with n-3 PUFA in the body. Hill et al. (2007) reported that peripheral blood neutrophils in fish oil (6 g/d; ~2 g of n-3 PUFA) were decreased by 19.5% compared with a control group. As for the interaction between n-6 and n-3 PUFA, another study showed that H:L ratios decreased as n-6:n-3 PUFA ratios decreased Table 3 . Effects of n-6:n-3 polyunsaturated fatty acid (PUFA) ratio on cluster of differentiation (CD) 4 + and CD8 + and CD4 + :CD8 + ratio in the Yangzhou goose and were lowest in the 2.5:1 group (Ying, 2008 ). In the current study, H:L ratio also decreased with the decrease of n-6:n-3 PUFA ratios, with 3:1 and 6:1 groups having much lower data. These results agreed with the previous studies described by Hill et al. (2007) and Ying (2008) in some degree and revealed that diets containing lower n-6:n-3 PUFA ratios could low H:L ratios.
The probable reason is that dietary supplementation with PUFA results in modulation of membrane architecture and its consequent effects on cells, including immune cells. The n-6 PUFA arachidonic acid (AA) is the precursor of prostaglandins, leukotrienes, and related compounds that have important roles in inflammation and in the regulation of immunity. Feeding n-3 PUFA results in partial replacement of AA in cell membranes by eicosapentaenoic acids and docosahexaenoic acid. This leads to decreased production of AA-derived mediators through several mechanisms, including decreased availability of AA, competition for cyclooxygenase and lipoxygenase enzymes, and decreased expression of cyclooxygenase-2 and 5-lipoxygenase. This alone is a potentially beneficial antiinflammatory effect of n-3 PUFA. For this reason, high n-6:n-3 PUFA ratios might trigger inflammatory conditions and induce heterophil granulocytes to migrate to peripheral blood, resulting in a high H:L ratio (al-Murrani et al., 1997; Calder, 2005) . Additionally, from 42 to 70 d of age, peripheral blood lymphocytes and H:L ratios of Yangzhou goslings in this work were increased gradually. These phenomena might be associated with the development of primary and secondary immune organs (Wang et al., 2005) .
Effects of n-6:n-3 PUFA on T Cell Subsets
Immune performance could be modified by the ratio and structure of PUFA in diet through shifting T lymphocyte subpopulations (Arrington et al., 2001; Bassaganya-Riera et al., 2001) ; however, the results of different studies did not always coincide. Although Pizato et al. (2006) reported that n-3 PUFA feeding decreased the CD8 + T cell ratios in rats; kelley et al. (1998) and Ying (2008) demonstrated that CD8 + ratios of human and chicken were not affected by PUFA supplementation. In this study, flow cytometric analyses of T lymphocyte subpopulations showed that CD3 + and CD8 + increased as n-6:n-3 PUFA ratios decreased and was higher (lower) in 6:1 (12:1). However, except for 56-dold goslings, differences between groups did not show statistical significance. These results indicated that CD3 + and CD8 + T cell subsets were not remarkably affected by the n-6:n-3 PUFA ratio and agreed with kelley et al. (1998) and Ying (2008) . However, significant differences existed in CD4 + T cell subpopulations and CD4 + :CD8 + ratios between groups in the current study. Moreover, CD4 + :CD8 + ratios tended to increase first and then decrease according to the decrease of n-6:n-3 PUFA ratios. The 6:1 group had a higher CD4 + :CD8 + ratio, and the 12:1 group had a lower CD4 + :CD8 + ratio. Generally, a low CD4 + :CD8 + ratio might exert a negative effect on immunity and overall health (Suzuki et al., 1994) . Combined with the results, diets containing lower n-6:n-3 PUFA ratios (6:1) might correspond to a better immune situation through shifting T cell subsets in growing Yangzhou goslings.
In addition, CD8 + T cells increased gradually with age from 42 to 70 d of age, whereas CD4 + T cells decreased from 42 to 56 d of age and increased from 56 to 70 d of age. Those early changes partially concurred with the results described by Erf et al. (1998) : the CD4 + T cell subpopulation decreased and CD8 + T cell subpopulation increased with age in broiler chickens from 2 to 7 wk of age. The latter increases of both subpopulations might be caused by the differentiation and migration of T cells from thymus tissue (Dunon et al., 1997) . In future trials, it will be interesting to clarify the reason for those changes.
In summary, the results reported in this study supported the following points: n-6:n-3 PUFA ratios had significant effects on H:L ratios and T cell subsets in the peripheral blood of 42-to 70-d-old Yangzhou goslings, and diets containing low n-6:n-3 PUFA ratios could decrease H:L ratios. Additionally, the fact that the 6:1 group demonstrated much higher CD4 + percentage and CD4 + :CD8 + ratios could be relevant for improving protective immune responses. The precise mechanisms by which n-6:n-3 PUFA ratios modulate immune functions clearly deserve further investigation.
